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Abstract 
BACKGROUND: Menopause can also lead to changes in lean tissue and fat composition. Osteoporosis is found to be more common in 
obese elderly than in non-obese people. Thereafter, leptin may be an important regulatory factor in the pathogenesis of osteoporosis.  
OBJECTIVE: To investigate the effect of Bushen Jianpi Recipe on lipid metabolism and leptin in high fat diet rats with osteoporosis. 
METHODS: Totally 220 SPF Sprague-Dawley rats aged 6 months were randomly divided into model group (n=170) and sham group (n=50). 
The model group underwent bilateral ovarian ligation and the sham group received the same intervention as the model group except that 
ovarian ligation was not performed. At 12 weeks after surgery, the rat models were randomized into normal, high-fat, high-fat plus Jiangu 
Granule (2 g/(kg·d)), and high-fat plus simvastatin (100 μg/(kg·d)) groups (n=40 per group). The administration began at 13 weeks after 
surgery via gavage. The normal and sham groups were given 2 mL of normal saline, once daily. After 2, 6, 12 and 24 weeks of treatment, the 
body mass was measured. The serum, lumbar vertebrae and proximal femurs were removed. The bone mineral density of the right tibia was 
measured by double energy X-ray. The concentration of serum osteocalcin, tartrate-resistant acid phosphatase isoform 5b (TRACP-5b), total 
cholesterol, triacylglycerol, leptin and leptin receptor were detected by ELISA. The mRNA expression of leptin and leptin receptor in bones 
was determined by qPCR.  
RESULTS AND CONCLUSION: The rat body mass in the high-fat plus Jiangu Granule group was higher than that in the normal and high-fat 
groups at the same time, but lower than that in the sham and high-fat plus simvastatin groups. The expression levels of leptin and leptin 
receptor, and osteocalcin level in the high-fat plus Jiangu Granule group were significantly higher than those in the normal and high-fat groups, 
and the contents of TRACP-5b, cholesterol, and triacylglycerol were significantly lower than those in the Leptin and leptin receptor, the BGP 
concentration were higher than those in the normal diet model group and the high fat diet model group. The concentrations of TRACT-5b, 
cholesterol, and triglycerides were lower than those in the normal and high-fat groups (P < 0.05). These results indicate that Bushen Jianpi 
Recipe can regulate lipid metabolism disturbance, reduce blood viscosity and improve the structure of blood vessel wall. It can also increase 
the expression of leptin and leptin receptor in serum and bones of rats, improve bone metabolism, and prevent and treat primary osteoporosis. 
Subject headings: Drugs, Chinese Herbal; Osteoporosis; Leptin; Receptors, Leptin; Tissue Engineering 
Funding: the Natural Science Foundation of Fujian Province, No. 2017J01332 (to LY); the Science and Technology Project of Fuzhou Health 
Department, No. 2017-S-wq15 (to LP) 
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2.3  ?????????????  ?????????
?????????????????(P < 0.05)????
? 2  ?????????????              (x_ ±s?n=10?g)
Table 2  Comparison of rat body mass among groups at different 
time points     
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?          
????? 232.3±11.09 311.2±11.11cd 355.3±14.23cd 406.6±12.28bcd
?????
????
227.1±11.02 330.4±13.82cd 417.6±12.98cd 477.3±8.03acd
?????
????
225.5 ±13.57 359.4±22.12ab 443.6±11.32ab 512.9±12.38abd
?????
??????
227.4±10.15 347.2±20.12ab 437.7±13.37ab 503.3±12.28ab
??????
?????
225.6±11.03 343.4±12.62ac 428.8±14.38 a 493.5±14.38abc
? 1  ???? 
Table 1  Primer sequences     
??? ???? ?????
??? F: 5'TCA CAA CGC AGT CGG TAT C3' 176 bp 
 R: 5'GAG GAT GCC GGC AGG TTC T3'  
????? F: 5'TTG GGT TAG AAG TCA CAG ATG 3' 155 bp 
 R: 5'CAC CTT CCA CTC GTA TGA AGA C3'  
?? GAPDH? F: 5'GGC ACA GTC GGA ACT GAG AAT G3' 186 bp 
 R: 5'ATG GTG GTA GGA ACG CCA GTA 3'  
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2.7  ???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
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2.8  ???????????????  ??????
?????????????????????????
??????????????????????????
????????(P < 0.05)?????????????
??????8? 
? 3  ???????????                (x_ ±s?n=10?g/cm2)
Table 3  Bone mineral density of rats in each group at different 
time points    
??????????? aP < 0.05????????????bP < 0.05??
??????????cP < 0.05??????????????dP < 0.05?
??? ???? 4? 8? 12?          
????? 0.230±0.011 0.233±0.014bcd 0.235±0.021bcd 0.244±0.012bcd 
?????
????
0.228±0.009 0.208±0.016a 0.204±0.012a 0.202±0.013a   
?????
????
0.231±0.013 0.205±0.012a 0.194±0.013a 0.193±0.011a
?????
??????
0.229±0.020 0.212±0.009a 0.213±0.012a 0.215±0.015ab
??????
?????
0.228±0.016 0.216±0.010 0.217±0.013ad 0.222±0.015abc
? 4  ????????????            (x_ ±s?n=10?mmol/L)
Table 4  Comparison of rat serum total cholesterol level among 
groups     
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?        
????? 1.346±0.104 1.353±0.152bcd 1.416±0.116bcd 1.424±0.134bcd
?????
????
1.387±0.127 1.436±0.134ad 1.514±0.122ad 1.545±0.166ad  
?????
????
1.402±0.134 1.542±0.121ad 1.653±0.118ad 1.703±0.124 ad
?????
??????
1.362±0.128 1.431±0.166acd 1.427±0.134acd 1.437±0.158acd
?????? 1.372±0.122 1.384±0.154acd 1.404±0.133acd 1.434±0.105acd
? 5  ????????????            (x_ ±s?n=10?mmol/L)
Table 5  Comparison of rat serum triacylglycerol level among 
groups      
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?        
????? 0.928±0.256 1.025±0.205bcd 1.106±0.163bcd 1.130±0.210bcd
?????
????
0.942±0.177 1.032±0.133d 1.114±0.149d 1.142±0.184d  
?????
????
0.959±0.150 1.345±0.169ad 1.553±0.134 ad 1.636±0.223 ad
??????
?????
0.944±0.179 1.124±0.117acd 1.222±0.241 ac 1.267±0.232 ac
??????
?????
0.935±0.204 1.013±0.172cd 1.114±0.143cd 1.138±0.205 ac  
? 6  ??????????                  (x_ ±s?n=10?μg/L)
Table 6  Comparison of rat serum leptin level among groups    
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
?? ??? 4? 8? 12?         
???? 14.43±1.43 13.90±1.38bcd 12.41±1.02bcd 11.33±1.30bcd
??????? 13.80±1.29 11.77±1.04ad 10.53±0.53d 8.55±1.03d  
??????? 14.14±1.12 11.49±0.82ad 8.56±0.55ad 7.58±0.646ad
????????? 13.88±1.28 11.97±1.00cd 10.52±0.64c 8.94±0.77ac 
????????? 14.04±1.35 12.11±0.82d 10.96±0.65d 9.49±1.00c  
? 7  ????????????             (x_ ±s?n=10?μg/L)
Table 7  Comparison of rat serum leptin receptor level among groups
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?          
????? 3.325±0.401 3.478±0.346bcd 3.408±0.295bcd 3.320±0.341bcd
?????
??? 
3.365±0.293 2.863±0.189ad 2.733±0.133ad 2.335±0.133ad  
?????
????
3.425±0.238 2.832±0.196ad 2.592±0.204 ad 2.288±0.248ad
?????
??????
3.668±0.339 2.972±0.003c 2.753±0.143c 2.323±0.173ac
?????
??????
3.203±0.386 3.005±0.223cd 2.867±0.153ad 2.493±0.135c  
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????????????? 
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??????????????????????????
???????????????????????? 
?[14]???????????????????????
?????????????????????????
???????????????????[15]? 
????ELISA????????????????
????????????TRACT-5b????qPCR??
?????????????mRNA?????????
?????????????????????????
???????????????TRACT-5b?????
?????????????????????????
???????????????????????
TRACT-5b????????????????????
? 8  ???????????                 (x_ ±s?n=10?ng/L)
Table 8  Comparison of rat serum osteocalcin level among groups
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?        
????? 1.43±0.20 1.43±0.30bcd 1.42±0.22bcd 1.50±0.19bcd  
???????? 1.38±0.20 1.82±0.23a 1.90±0.22a 1.93±0.21ad  
???????? 1.42±0.19 1.93±0.19ad 1.99±0.28a 2.09±0.26a 
?????????? 1.35±0.21 1.80±0.20c 1.85±0.20c 1.89±0.29ac
?????????? 1.48±0.22 1.42±0.27bcd 1.53±0.20abcd 1.71±0.24cb  
? 9  ??????????????? 5b(TRACP5b)?? 
(x_ ±s?n=10?pg/L)
Table 9   Comparison of rat serum tartrate-resistant acid 
phosphatase isoform 5b level among groups  
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05?
??? ???? 4? 8? 12?         
????? 18.35±0.17 18.45±0.20bcd 18.56±0.19bcd 18.68±0.23bcd
???????? 18.40±0.21 24.14±0.20a 23.87±0.21a 23.94±0.23ad  
???????? 18.38±0.23 25.34±0.21ad 24.98±0.22a 24.04±0.29a 
?????????? 18.43±0.19 23.85±0.20c 23.13±0.16c 23.00±0.21ac
?????????? 18.38±0.19 21.45±0.17bcd 21.32±0.20abcd 20.14±0.17cb  
? 10  ????????? mRNA??             (x_ ±s?n=10)
Table 10  Comparison of leptin mRNA expression in rat bones 
among groups    
???????????aP< 0.05????????????bP< 0.05???
?????????cP< 0.05??????????????dP< 0.05? 
?? ??? 4? 8? 12?          
???? 1 1.006±0.014bcd 0.974±0.008bcd 0.967±0.011bcd
???? 
??? 
1.011±0.012 0.857±0.016a 0.743±0.012ac 0.616±0.018a  
???? 
??? 
0.987±0.013 0.562±0.020abd 0.474±0.013abd 0.417±0.014ab
?????
???? 
1.007±0.008 0.785±0.018c 0.698±0.016cc 0.593±0.020a
?????
???? 
0.982±0.017 0.862±0.010acd 0.724±0.018ac 0.647±0.019ccb
? 11  ?????????? mRNA??           (x_ ±s?n=10)
Table 11  Comparison of leptin receptor mRNA expression in rat 
bones among groups    
???????????aP < 0.05????????????bP < 0.05???
?????????cP < 0.05??????????????dP < 0.05? 
??? ???? 4? 8? 12?         
????? 1.003±0.013 0.954±0.021bcd 0.966±0.013bcd 0.945±0.020bcd
????
????
1.013±0.012 0.731±0.014ad 0.662±0.021a 0.598±0.008ad  
????
????
1 0.644±0.012ad 0.575±0.022a 0.545±0.017abd
????
????
??
0.983±0.027 0.695±0.017cc 0.654±0.020c 0.603±0.022abc
????
????
??
0.976±0.018 0.802±0.016abcd 0.722±0.011abcd 0.683±0.018ccd
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